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(57) ABSTRACT 

A method of forming a trench for semiconductor device 
isolation includes the steps of making a trench at a device 
isolation area of a silicon Wafer overlaid With a pad oxide 
and a nitride through photolithography and etching; forming 
a liner oxide at an inner Wall of the trench; ?lling the trench 
through depositing an insulating layer onto the entire surface 
of the silicon Wafer; densifying the insulating layer; and 
planariZing the densi?ed insulating layer such that the 
insulating layer is left only at the inside of the trench. The 
step of forming the liner oxide includes the sub-steps of 
forming a ?rst liner oxide through performing rapid thermal 
processing With respect to the silicon Wafer With the trench; 
forming a second liner nitride on the ?rst liner oxide through 
performing the rapid thermal processing With respect to the 
silicon Wafer With the ?rst liner oxide; and forming a third 
liner Wet oxide on the second liner nitride through perform 
ing the rapid thermal processing With respect to the second 
liner nitride. The trench so formed has removed corners. The 
three rapid thermal processing may be performed in situ in 
a single rapid thermal processing machine Without exposing 
the Wafers to atmosphere. 

13 Claims, 7 Drawing Sheets 
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METHOD OF FORMING TRENCH FOR 
SEMICONDUCTOR DEVICE ISOLATION 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 
The present invention relates to a method of forming a 

trench for semiconductor device isolation and, more 
particularly, to a method of forming a trench for semicon 
ductor device isolation Which exhibits good performance 
characteristics Well adapted for serving in device miniatur 
iZation. 

(b) Description of the Related Art 
Generally, a local oxidation of silicon (LOCOS) tech 

nique has been used for device isolation purpose in the 
semiconductor fabrication process. 

In the LOCOS technique, the silicon Wafer itself is 
thermally oxidiZed While using a nitride for a mask, and 
requires only a small number of processing steps. For this 
reason, the resulting oxide involves loWer degree of stress, 
and exhibits good insulating characteristics. 

HoWever, in the application of the LOCOS technique, the 
device isolation area takes a large volume that limits device 
miniaturiZation as Well as involves occurrence of the 
so-called bird’s beak. 

In order to solve the above problems, a shalloW trench 
isolation (STI) technique has been suggested. 

In the STI technique, a shalloW trench is made in the 
silicon Wafer, and ?lled With an insulating material. In this 
structure, the device isolation area is small, and hence the 
resulting trench can be Well adapted for device miniaturiZa 
tion. 

FIGS. 1A to IE schematically illustrate the steps of 
processing a shalloW trench for device isolation according to 
a prior art. 

As shoWn in FIG. 1A, a silicon Wafer 1 is sequentially 
overlaid With a layer of pad oxide 2 and a layer of nitride 3. 
The pad oxide 2 is to relieve stress occurring betWeen the 
silicon Wafer 1 and the nitride 3. Aphotoresist ?lm is coated 
onto the silicon Wafer 1 over the pad oxide 2 and the nitride 
3. The photoresist ?lm is exposed to light through a pat 
terning mask, and developed to thereby form a photoresist 
pattern 4. 
As shoWn in FIG. 1B, the patterned silicon Wafer 1 is put 

in a dry etching chamber, and the nitride 3 and the pad oxide 
2 exposed through the mask pattern 4 are etched. 
Furthermore, the exposed silicon Wafer 1 is also etched by 
a predetermined depth to thereby form a shalloW trench at 
the device isolation area. 

As shoWn in FIG. 1C, the photoresist pattern 4 is removed 
from the nitride 3, and the silicon Wafer 1 is cleaned. 
Thereafter, the silicon Wafer 1 is put in a furnace, and 
undergoes thermal oxidation therein at high temperature for 
a long time. As a result, a layer of densi?ed liner oxide 5 
having a thickness of several hundred angstroms or more is 
formed at the inner Wall of the trench. 

As shoWn in FIG. ID, a large thickness of insulating layer 
6 is deposited onto the entire surface of the silicon Wafer 1 
through chemical vapor deposition (CVD) such that the 
inside of the trench is completely buried by the insulating 
layer 6. 
As shoWn in FIG. 1E, the insulating layer 6 is annealed 

and densi?ed, and a photoresist ?lm is then coated on the 
densi?ed insulating layer 6. The photoresist ?lm is exposed 
to light through a reverse mask that has a pattern reverse to 

10 

15 

25 

35 

45 

55 

65 

2 
that of the aforementioned patterning mask, and developed 
to form a photoresist pattern. The insulating layer 6 is etched 
by using the photoresist pattern such that the insulating layer 
6 is left only at the trench area. The photoresist pattern is 
then removed, and the insulating layer 6 is planariZed 
through chemical mechanical polishing (CMP) While utiliZ 
ing the nitride 3 as a stopping layer for the polishing. In this 
Way, the formation of a shalloW trench for device isolation 
is completed. 

In the trench formed by using the above-described 
technique, electric ?eld is concentrated on the side Wall edge 
corner of the trench at the device driving, and the edge 
corner exhibits Weakness in channel leakage such as a 
stress-induced leakage (SILC). In this respect, it becomes 
necessary that the side Wall edge corner of the trench should 
be rounded to endure against leakage. 

In order to achieve such a corner rounding, chlorine (Cl) 
is conventionally used for the liner oxide formation step 
such that the side Wall edge corner of the trench is etched 
during the thermal oxidation. 

HoWever, in the above technique, the corner rounding is 
insufficiently made, and chlorine remains at the interface 
betWeen the silicon Wafer and the liner oxide so that the 
contamination due to the chlorine content induces leakage in 
the presence of subsequent thermal processing steps. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
of forming a trench for device isolation that can form a 
high-quality liner oxide in a short time and, at the same time 
achieve complete corner rounding. 

This and other objects may be achieved by a method of 
forming a trench for semiconductor device isolation includ 
ing the folloWing steps. A trench is ?rst made at a device 
isolation area of a silicon Wafer overlaid With a layer of a pad 
oxide and a layer of a nitride through photolithography and 
etching. A liner oxide is then formed at an inner Wall of the 
trench, and the trench is ?lled through depositing an insu 
lating layer onto the entire surface of the silicon Wafer. The 
insulating layer is densi?ed, and planariZed such that the 
insulating layer is left only at the inside of the trench. The 
step of forming the liner oxide includes the folloWing 
sub-steps. A ?rst liner oxide is formed through performing 
rapid thermal processing With respect to the silicon Wafer 
With the trench. A second liner nitride is then formed on the 
?rst liner oxide through performing the rapid thermal pro 
cessing With respect to the silicon Wafer With the ?rst liner 
oxide. Finally, a third liner Wet oxide is formed on the 
second liner nitride through performing the rapid thermal 
processing With respect to the silicon Wafer With the second 
liner nitride. 

The step of forming the ?rst liner oxide is performed at 
1050° C. or more for 100 seconds or more under a dry 
atmosphere. The step of forming the second liner nitride is 
performed at 1050° C. or more. The step of forming the third 
liner Wet oxide is performed at 1050° C. or more for 20 
seconds or more under a Wet atmosphere. 

The formation of the ?rst liner oxide, the second liner 
nitride and the third liner Wet oxide is performed through in 
situ processing With the same rapid thermal processing 
equipment Without air-opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Amore complete appreciation of the invention, and many 
of the attendant advantages thereof, Will be readily apparent 
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as the same becomes better understood by reference to the 
following detailed description When considered in conjunc 
tion With the accompanying draWings in Which like refer 
ence symbols indicate the same or the similar components, 
Wherein: 

FIGS. 1A to IE are schematic vieWs illustrating the steps 
of processing a shalloW trench for device isolation according 
to a prior art method; and 

FIGS. 2A to 2G are schematic vieWs illustrating the steps 
of processing a shalloW trench for device isolation according 
to an exemplary embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

The applicant claims priority to Korean patent application 
99-7157, Which Was ?led in the Korean Industrial Property 
Of?ce on Mar. 4, 1999, and is incorporated herein by 
reference. 

Exemplary embodiments of this invention Will be 
explained With reference to the accompanying draWings. 

FIGS. 2A to 2G schematically illustrate the steps of 
processing a shalloW trench for device isolation according to 
an embodiment of the present invention. 

As shoWn in FIG. 2A, a silicon Wafer 11 is sequentially 
overlaid With a layer of pad oxide 12 and a layer of nitride 
13. The pad oxide 12 is to relieve stress occurring betWeen 
the silicon Wafer 11 and the nitride 13. A photoresist ?lm is 
then coated onto the silicon Wafer 11 over the pad oxide 12 
and the nitride 13. The photoresist ?lm is exposed to light 
through a patterning mask to thereby form a photoresist 
pattern 14. 
As shoWn in FIG. 2B, the silicon Wafer 11 is put in a dry 

etching chamber and, the nitride 13 and the pad oxide 12 
exposed through the photoresist pattern 14 are etched and 
removed. The exposed silicon Wafer 11 exposed through the 
etching is also etched by a predetermined depth to thereby 
form a shalloW trench at the device isolation area. 

As shoWn in FIG. 2C, the photoresist pattern 14 is 
removed from the nitride 13, and the silicon Wafer 11 is 
cleaned. Then, the silicon Wafer 11 is dry-oxidiZed through 
rapid thermal processing (“RTP”) in an RTP machine at 
1050° C. or more for 100 seconds or more to thereby form 
a ?rst liner oxide 15 at the inner Wall of the trench. At this 
time, as the unit volume of the side Wall edge corner of the 
trench is larger than that of the side and bottom Walls of the 
trench, oxygen is more intruded into the silicon Wafer 11 at 
the corner portion. Consequently, thermal oxidation rate at 
the side Wall edge corner of the trench becomes enhanced so 
that the desired corner rounding is naturally accomplished. 
As shoWn in FIG. 2D, the silicon Wafer 11 Was heat 

treated through RTP at 1050° C. or more so that a layer of 
a second liner nitride 16 having a high dielectric coef?cient 
is formed on the ?rst liner oxide 15. Considering that the 
dielectric coef?cient of the oxide is only 3.8, but that of the 
nitride reaches 7, it can be estimated that the second liner 
nitride 16 may Well improve the insulating characteristic of 
the trench. 
As shoWn in FIG. 2E, the silicon Wafer 11 is Wet-oxidized 

through RTP at 1050° C. or more for 20 seconds or more 
under a steam-containing oxygen gas atmosphere so that a 
layer of a third liner Wet oxide 17 is formed on the second 
liner nitride 16. Considering that the stress Working at the 
interface betWeen the nitride and the silicon Wafer 11 is up 
to 9.5><109 dyne/cm2 While the stress at the interface 
betWeen the oxide and the silicon Wafer being 3><109 dyne/ 
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4 
cm2 the third liner Wet oxide 17 is to relieve such an 
interfacial stress, and to function as a seed for trench ?lling. 
The formation of the ?rst liner oxide 15, the second liner 

nitride 16 and the third liner Wet oxide 17 is performed 
through in situ processing With the same rapid thermal 
processing equipment Without air-opening so that deterio 
ration in the throughput can be prevented. 
As shoWn in FIG. 2F, a large thickness of insulating layer 

18 is deposited onto the entire surface of the silicon Wafer 11 
through the CVD such that the insulating material com 
pletely ?lls the inside of the trench. Thereafter, the insulating 
layer 18 is annealed, and densi?ed. 
As shoWn in FIG. 2G, a photoresist ?lm is coated onto the 

insulating layer 18. The photoresist ?lm is exposed to light 
through a reverse mask that has a pattern reverse to that of 
the aforementioned patterning mask, and developed to 
thereby form a photoresist pattern. The insulating layer 18 is 
then etched by using the photoresist pattern for a mask 
(photolithography). Thereafter, the insulating layer 18 is 
planariZed through chemical mechanical polishing (CMP) 
While utiliZing the nitride 13 as a stopping layer for the 
polishing. In this Way, the formation of a shalloW trench for 
device isolation is completed. 
As described above, the inventive trench formation 

method makes it possible that a high quality of liner oxide 
is produced With a complete corner rounding. Therefore, it 
is Well adapted for use in the shalloW trench processing for 
device isolation and hence for serving in device 
miniaturiZation, and involves improved device isolation and 
latchup characteristics. 

While the present invention has been described in detail 
With reference to the preferred embodiments, those skilled in 
the art Will appreciate that various modi?cations and sub 
stitutions can be made thereto Without departing from the 
spirit and scope of the present invention as set forth in the 
appended claims. 
What is claimed is: 
1. Amethod of forming a trench for semiconductor device 

isolation comprising the steps of: 
making a trench at a device isolation area of a silicon 

Wafer overlaid With a pad oxide layer and a nitride layer 
by photolithography and etching; 

forming a liner oxide at an inner Wall of the trench; 
?lling the trench through depositing an insulating layer 

onto the entire surface of the silicon Wafer; and 
densifying the insulating layer, and planariZing the den 

si?ed insulating layer such that the insulating layer is 
left only at the inside of the trench, 

Wherein forming the liner oxide includes forming a ?rst 
liner oxide through performing rapid thermal process 
ing With respect to the silicon Wafer With the trench, 
forming a second liner nitride on the ?rst liner oxide 
through performing the rapid thermal processing With 
respect to the silicon Wafer With the ?rst liner oxide, 
and forming a third liner Wet oxide on the second liner 
nitride through performing the rapid thermal process 
ing With respect to the silicon Wafer With the second 
liner nitride. 

2. The method of claim 1, Wherein the step of forming the 
?rst liner oxide is performed at 1050° C. or more for 100 
seconds or more under a dry atmosphere. 

3. The method of claim 1, Wherein the step of forming the 
second liner nitride is performed at 1050° C. or more. 

4. The method of claim 1, Wherein the step of forming the 
third liner Wet oxide is performed at 1050° C. or more for 20 
seconds or more under a Wet atmosphere. 
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5. The method of claim 4, wherein the formation of the 
?rst liner oxide, the second liner nitride and the third liner 
Wet oxide is performed through in situ processing With the 
same rapid thermal processing equipment Without exposure 
to atmosphere. 

6. The method of claim 1, Wherein the formation of the 
?rst liner oxide, the second liner nitride and the third liner 
Wet oxide is performed through in situ processing With the 
same rapid thermal processing equipment Without exposure 
to atmosphere. 

7. Amethod of forming a trench for semiconductor device 
isolation, the method comprising: 

making a trench at a device isolation area of a silicon 
Wafer overlaid With a pad oxide layer and a nitride 
layer, said trench having corners; 

forming in the trench through rapid thermal processing a 
?rst liner oxide layer on the silicon Wafer, a second 
liner nitride layer on the ?rst liner oxide, and a third 
liner Wet oxide layer on the second liner nitride, While 
also rounding corners of the trench; 

depositing an insulating layer onto the silicon Wafer so as 
to ?ll said lined trench; 

densifying the insulating layer, and 
planariZing the densi?ed insulating layer such that the 

insulating layer is left only Within the trench. 
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8. The method of claim 7, Wherein forming the ?rst liner 

oxide is performed at 1050° C. or more for 100 seconds or 
more under a dry atmosphere. 

9. The method of claim 7, Wherein forming the second 
liner nitride is performed at 1050° C. or more. 

10. The method of claim 7, Wherein forming the third liner 
Wet oxide is performed at 1050° C. or more for 20 seconds 
or more under a Wet atmosphere. 

11. The method of claim 7, Wherein forming the ?rst liner 
oxide is performed at 1050° C. or more for 100 seconds or 
more under a dry atmosphere; forming the second liner 
nitride is performed at 1050° C. or more, and forming the 
third liner Wet oxide is performed at 1050° C. or more for 20 
seconds or more under a Wet atmosphere. 

12. The method of claim 11, Wherein forming the ?rst 
liner oxide, the second liner nitride, and the third liner Wet 
oxide is performed through in situ processing in a single 
rapid thermal processing machine Without exposure to atmo 
sphere. 

13. The method of claim 7, Wherein forming the ?rst liner 
oxide, the second liner nitride, and the third liner Wet oxide 
is performed through in situ processing in a single rapid 
thermal processing machine Without exposure to atmo 
sphere. 


